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The treatment scheme shown In Fgure Is the mnmum requred In the nearfuture, 
and s one whch is in common use tday. t should be recognizedthat many 

exising treatment plants are not capable of meeting the morestrngent 
performance evels requred today [See Tabe 7 and compare fnalclarificaton 

effluent suspended solds content expected (1050 withthat presently requred 
(30 mg/1 Moreover, meeting additonal regulatoryagency stpuatons, such as 

(I) more strngent dsnfecton requrements.(2) phosphorus removal and (3) 
partial 

or complete oxidaion of ammonia ni¬trogen or hgh ntrogen removal, will 
requre sgnfcant expansion and/ormodifcation of existng facltes.Sludge handlng 

should be consdered an integral 

part of the total wastetreatment process. Although the volue of dry 
weather 

resdual sludges ob¬taned s relatvely small, usually 2 to 3% of the 
volume treatedsludge handlng and disposal is complex, troublesome, and represents 

up to25 to 50 of the captal and operatng costs of a waste treatment plant 
(20).Moreover the problem is growing. With the expanson of the economy and 

thepopulaton and wth the greater degree of treatment requred It Is expected,wthin 
the next 5 to 0 years, that the volume of sludge requirng handlingand 

dsposal will Increase by 60 to 70 (20). By far. the major portionof the 
Increased 

sudge volume expected will be obtaned from secondarytreatment sludges, 
whch are ess concentrated than prmary sludges, andwhich are most 

diffcult and expensve to treat. For example, n 180 It isantcpated that 
530.000 (10 of secondary sludge 2% solds)wll be produced, whereas only 

about 
37,850 cu m/day (10 of primarysludge (6 solds) are expected In that year 

(21).The various steps leadng to the ultmate dsposal of the resdual 
sludgesare presented, schematically In Figure From 

Fgure , sludge handlingfor ultmate dsposal conssts of a seres of steps n 
whchthe volume of sludge s progressvely reduced by removal of the 

waterassociated 
wth the sludge solids.Thckenng Is usually the frst step In 

sludge handling and Is responsiblefor removing the maor porton of the 
water assocated wth the 

solids.Thckenng 

may be carred out by gravty sedmentaton or by flotaton. Flotaton thckening 
Is more amenable than gravty thickeningfor dewatering bological 

sludges because flotation thckenng Is no ad¬versey affected by the decomposton 
gases produced by the actvty of thebiologcal sludges.As shown Figure 

, further treatment and sludge volume reducton may beobtained by digestion. 
Dgeston Is bologcal treatment process and maybe carried out or 

Further 
dewaterng may 

also 
be performed using vacuum fltraton or ether wth or wthou chemcals, or 

usng sand drying beds or1Ultmate disposal of sludges includes dsposal on 
land (landfill, drying for condtoning, land 

applicaton) discharge to sea, and use of and related proceses,3 





For a partcuar ocaton, the combnation of the sludge handng and dis¬posa 
steps to be used shoud be integrated in such manner as to arrve atan optimum 

economcal soluton,Various 

dryweather 
desgn and operatonal parameters associated wth severalof the sludge 

handling and disposa methods were obtained from the litera¬ture (20(22) and 

are summarized n Tables 9-3. Crtera for other sludgehandling methods include: 
Flotation ThickenngSolds 

oadng of 9-59 (10-2 
ft) withoutchemicals to produce a thckened sludge concentration 
of whenthickenng waste activated sludge.2. LagoonsSolds loadng 

rates suggested for drying 
lagoons 

are 36 
to 39 kg/year (2.2 to 2.4 ft) of lagoon capacity.3. Pilot tests used 

to evaluate applcatons. Scale up procedures 
areconsidered 

propretary 
and are generally not avalable.These crtera, discussed above, are 
among those that wll be used In theevaluaton of the 

effect of treatment residuals to thedryweaher sludge handling facltes.Diurnal 
Dry Weather Flow and Contamnant StrengthsAnother pertinent consderaton 

to establishng the effect of 
bleed/pump-back 

Is the diurnal dry-weather flo variaton 
and 

contamnant concentratopatterns. These patterns can have sgnifcant 
effect 

upon the vablebleed/pump-back of CSO sludges. typcal durnal fow and BOD 
pattern Isshown In Fgure 5. It Important to note that the durnal 

pattern wllvary from day to day, from week day to weekend and also from 
month 

to onth.It Is apparent that the diurnal patterns developed for 
dryweather facltymay be used to compare the actual loading parameters wth those 

of the plantdesign values, to determne the degree of diurnal overload durng 

drweatherperods. It s also evdent that bleed/pump-back of CSO treatment 
resdualswill superimpose or Increase the flow and conaminant loadings on the 

dry-weather durnal patterns, and therefore, on the actual loadngs to the dry-weather 
treatment faclites*CSO Treatment Sludges Flow and Contamnant Strengths 

for PumpBackThe magnitude and qualty of the CSO treatment sludges to be 

pumped back tothe dryweather 

facilites Is functon of the type and efficency of CSOtreatment, 

used. The CSO treatment methods presently beng evaluated (12)may be broadly 

classfed as physcal, physcal-chemcal and bological.In general, it should 

be recognized that as treatment complexty and sophs¬tcaton Increase (say, 

from physcal to biologcal treatment), treatmenteffcency and sludge residue 
production also Increase. The specfc CSO33 



TABLE 9. GRAVITY SURFACE LOADINGSAND 
OPERATIONAL 

RESULTS 



TABLE II. DGESTION DESIGN 
PARAMETERSParameterSolids 

retention time, daysSods'retenton 
tme, daysVolume 

allowance, 
ft/capta loading, 

ft/dayAir 

requirements 
system cu cu 

cu cu ft 

system, 
cu m/min/1000 

cu mcu cu ftMechanical system, 
cu m cu ftVSS. 

reduction, percentMinimum DO, Temperature, 
°C (°F)Power 

requrement pop, 

pop.equlv.Value0-508-.li23-.38-2.2.02-0.420-3520,356026.6-33.3.0-1.2535-501.0-2.0>15 

(>59)6-7580Eces 
activated sludge 

only.Primary 
and excess 

activated 

sludge, 

or 

primary 

sludgealone.35 



TABLE 2. VACUUM FILTRATION DESIG PARAMETERSAND 
PERFORMANCE 



LEGENDA 
BOD LOADING, FLOW 

RATE, BOD 

CONCENTRATION, MOTE: 3785 



treatment methods being consdered are sted in Table 4. Estimated sludgeproduction 
solids concentrations and solids disposal methods for the various 

treatment 
processes are shown in Table 15. Note from Table 9, that the treatment 

sludge quantities are based upon the quantty and qualty orthe raw CSO 
treated.TABLE 1. CSO 

TREATMENT METHODS UNER EVALUATON1. Physical 

TreatmentaStorage 
aone 

Storage-sedimentaton 
flotaton flotaton 

Screening2. Physical-Chemcal 
TreatmentaScreen flotationb. 

Dissolved-air 

flotaton3. Bologcal 
Treatmenta. 

Contact stablzaton actvated sludgeb. 
Trcklng fltersc. 

Rotating 

bologcal contactorsd. 
Treatment lagoonsFurthermore, from Table 
15 the major sludge 
disposa method used was ds¬charge 
to the Interceptor 

with ultimate disposal along wth dryweathertreatment faclty sludge.The 

quality of the CSO treatment sludges was observed in a recently com¬pleted 
EA study (12) and n 

general, 
the conclusions drawn with regard toraw sludge characteristics 

were 
as follows:1. The sludge volumes produced from the treatment of combined 

seweroverflows vared from less than 1% to 

3% of the raw flow volumetreated. (This is generally in agreement 
with Table 15).2. The solids concentration of the sludge residuas 

from CSO treatmentvaried widely, ranging from 0.12 to 

11% total suspended solids.The wde range observed is attributed to the 
CSO treatment methodused and treatment plant operation. (Ths s 

also In general agree¬ment wth Table 15).3. The volatile content 
of the sludge solds varied between 25 and63 for the sludges obtained 

from the treatment 

types Investgated.Biological treatment sludges showed the highest 
voatie solidsfraction (about 60%), whereas that for sludges from 

physical/chemicaltreatment showed only 25 to 0% volatile fracton.38 
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As might be expected, fuel value of the sludges was correlated withvoatie 
sods content, and the bologcal sludges were observedto have 

the hihest fuel vaues among the sludge types nvestigated.5. Pesticide 

and concentrations in the residual sludges investi¬gated were 
observed to be significant. Generally, the PCB were higher than those 

for and The range of PCB and pestcide vaues for the varous 

stes 
invest¬gated were presented in Section IV.6. Heavy metal and 

N1) concentrations in theresdual 

sudges were aso sgnficant, and varied wdely for thesludges 
Investigated. The range of heavy metal concentrations forthe various 

sites investigated were aso presented in Section IV.Usng the above 
and previous information, an attempt can be made to deter¬mine 

the 
effect of pumping back treatment resduals on the operatonand performance 
of the drweather plant from the standpont of hydraulicorganic and 

solids 
overloads, effluent quality, and treatment efficiency and to 

treatment.Capacty 
Avalable at Pant and Percent of CSO Area ContrbutingSludgeOther 

consideratons must 
Include 

both the treatment and sludge handlingcapacity avaiable at the dry-weather 
plant 

and the percent of the total CSOarea whch has treatment of and therefore 
contributes sludge forbleed/pump-back. Basic design of a new sewage 

treatment 
facility includes abut In safety factor (whch vares wth the type 

of 
process equpment)from 1.5-3 tmes the average loadng. If the total "safety 

capacty" Isavailable for handling CSO sludge or residual bleed/pump-back, 
this will havea sgnficant effect on the ablt of the dr-weather plant to 

functionproperly when CSO sludges are For the purpose of thefollowing 
calculations, 

t s assumed that the total excess capacity isavalable for 
hydraulic, 

solds and organic loads to the dry-weather treat¬ment plant and 
sludge handng facltes.Another variable is the tota amount of CSO area 

which is treated by one ofthe state-of-the-art CSO treatment methods. If 100 

of the total CSO volumeIs treated, this 

Impact on the dry-weather plant is signfcantly greaterwhen considering 
bleed/pump-back. Also. the type of CSO treatment iscrucia. The sludge characterstcs 

and volume range widely, depending uponthe CSO treatment method. It 
Is 

not feasbe to generalze, so, for mostof the calclated effects, each 
process has been considered ndvdually.Bass for Bleed/Pump-Back CalculatonsThe 

sections which follow address the effects of CSO sludges and 
dluteresiduals on a composite dry-weather treatment plant and sludge 

handlingfacltes 

it must be that actua 
determinaton 

of thefeasiblity of bleed/pumpback wll requre the complete analytical 
0 



of the resduas and the dry-weather treatment pant influentand sludges, a 

knowedge of dry-weather flow characteriation and actual de¬sgn constrants for 

each of the unt processes In the treatment pant.However, for ths 
generalized 

approach it has been assumed that secondartreatment plant folowed 

by thckenng and wll be the basc dry-weather pant whch woud be affected by 

bleed/pump-back. Ths plant Is acomposte of all dry-weather treatment plants 
whch serve the population of36,236.000 havn combined sewer systems. Also, 

It is assmed that all CSOarea and volume in the U.S. has been treated by 

one of the CSO treatmentmethods and that these sludges will affect the 

composte drweather plant.The specific aspects for each of the four general 
effects are discussedndviduall.EFFECT OF CSO TREATMENT RESDUALS 

BLEED/PUMP-BACK 
ON 

THE 

OPERATION ANDPERFORMANCE OF THE DRY-WEATHER TREATMENT PLANTThe of 
CSO sludges can have an effect on any of the 

desgnaspects of the composite treatment plant. Hydraulic, solds loading 
organcloadng and limts are consdered Indvdualy.I. Hydraulic Loadng Consderatons 

was previously brought out (Secton IV) that the sewered 

populationserved by combined sewers 

is estimated at 36,236,000. At 473 (l25 gal.)per capita per day, the 
dry-weather treatment plants serving that populaton would have a 

dry-weather 
average design flow of 7.1 0 (4.53 x gal.day). Most water 

polluton control plantsare designed to function propery at flows up 
to some low multple ofthe average dry-weather fow. Typical multiples 

range from 1.5 to 3.0(9). Using this criterion, our composite nationa 
dryweather plantmight be expected to function properl up to 25.7 

x 10 cu m/day to51.4 x 10° cu m/day (6.8 to 13.6 10 gal.day). 
Therefore the sumof the dry-weather average design fow (17.1 0 cu 
m/day) (4.53 x 0- plus the estimated daiy CSO resdua flows to be pumped 

backmay be compared to the above two figures to determine the effect 
ofbleed/pumpback on hydraulic overoad to the dry-weather plant.Previous 
discusson has etimated the annual volume of combined seweroverflow n 

the Unted States as 56 x 10 cu (1.5 x galAssuming 60 storm 

days per year (based on a 20 year average f 63 stormdays per year In 
the Mlwaukee area), the average dally combned seweroverflow Is 93. 
x 10 c m/day (24.7 x 10 CSO treatment methods currently under evaluation 

have been listed nTable 14 and the sludge volumes produced by varous 
CSO treatment pro¬cesses have also been given 

previously (Table 1 and in Table 9). ShownIn Table 16 Is the effect 
of CSO treatment sludges bleed/pump-back on thehdraulc overload of the 

composte dry-eather treatment plant forthe varous CSO treatment processes. 
t should be ponted out thatthe data In Table 16 were calculated on 

the bass that the entre CSOwas treated by each of the selected treatment 
processes alone. From4 
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Table 16, it s evdent that hydraulic overoad would be expected onlywhen 
storage aone was used to Impound the entire flow for bleedpump-back. 

This becomes apparent when comparing the average dally CSO[90,840,000 
(24.000 wth the average dally of[7,144,000 cu n/day (4.530 

MGD) For the ther CSO treatment processesInvestgated in Table 16, 
hydraulic overload would not be expected.However, the rate of residual 

sludge bleed/pump-back over 24 hourperiod would have to be 
carefully 

controlled, wth due regard to thedurnl dryweather flow (DWF) 
fluctuatons (See Fgure 5).The apparent hydraulc overload 

produced 

by pumping back impounded CSOfrom storage alone over a 24 hour 
perod 

ma be allevated by spreadngthe bleed/pump-back perod over three or 
more days. (Of course, anyaddtional storm durng the bleed/pump-back 

perod may adversel affectbleed/pump-back operaton). Agan, the rate of 
bleed/pump-back wouldhave to be carefully controlled, with due regard 

to the diurnal DWF2. Solids Loadng ConsderatonsUntreated muncpal 
sewage 

generaly 

contains an average suspnded 

soldscontent of 200 (9). For our hypothetical average DWF of 17.1 0cu 
(4,500 an average day dry solds oadng to the dry-weather plant of 34 x 0° 

kg (7.6 x 0 per day may be expected.Assuming that the range multple 
of desgn solds that dry-weatherplant can properly handle is typicaly 

.5 to 3.0. the dry-weather plantmay be expected to hande from 5 x 
0 kg (11.3 x 10 Ibs) per day to0.3 x 10° kg (22.7 x 10° Ibs) per day of 
dry solids. The above cri¬terion will be used as one measure in evaluating 

the effect of soldsoverload resulting from pumping back CSO 
treatment resduas to the dry-weather plant.Shown in Table 17 Is the effec 

of bleed/pump-back of CSO treatmentsludges on the solds overload of the 
composte 

dry-eather 
treatmentplant for th varous CSO treatment processes 

nvestgated, 
Agan, itshould be ponted out that the data n Table 17 were 

calculated 
on thebass that the entire CSO wa treated by each of the 

selected 
treatmentprocesses alone. The sods remova effcences in Table 17 or 

theCSO treatment processes nvestgated are reasonably In the range 
ofthose 

expected as Indcated In the terature (9).From Tabe 17, it is 
evident 

that a marked overoad may be ex¬pected by pumpng back CSO 
treatment sludges to the DWF treatment plantover a 24 

hour perod. n fact, the mnmum solds overload varesfrom about 50 to 
about 400. The magntude of the solds overloadvares directly with the 

solds removal efficiency of the CSO treatmentprocesses In queston. 
The apprecable solds overload exerted on theDWF treatment plant by 

pumpng back CSO treatment resduals may beexpected to addtonay adversely 
affect organc loading, effuentqualty and treatment plant effcency,43 
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That substantal amounts of solds are transported to the dry-weatherplants 
durng wet weather condton is substantated by sgnfcantdata availabe 
from the literature For example, presented In Table 8are data 

showing 
the quanttes of rt colected durng dry and wetweather periods for 

various United States installations. The data inTable 8 show that 
the grt voume rato of wet to dry weather wasapprecable, with the 

hihest ratio at 1800 times the average dry-weathergrit producton.The literature 
(9) also 

indicates 
that often the solids con¬tribute a large increase fine soids 

(silt) whch is too fine tobe removed In the grit chambers and 
results 

in overloadng the prmarysedimentation basns. The magnitude of the 
solids overload on the pr¬mary tanks may be estmated. For example, 

Table 
are shown theallowable range in hydraulic loading for primary 

tanks (6.3651 (0.-1.6 ft) and the allowable solids loading rangefor 

those basins (2.-9,8 m) (0.5-2.0 ft). Assumnga dry weather influent 
solids concentration of 100 at the higheroverflow rate (65.1 /m/sq 

m) 
(1.6 ft), the addition of treatment residual sold may result In 

Increasing the primary tank in¬fluent solds concentration to an estmated 
50 to 400 Thswould be expected to result in grossly overloadng (14.2 
to 37.6 kg/daysq m) (2.9 to 7.7 b/day/sq ft) the prmary bans and 

detrmentalyaffectng prmary effluent quality and treatment effcency. 
Moreover,the 

hgh prmary overfow rate (65.1 m (.6 ft) wouldresult In grossly 
lal overloadng the activated sludge fnaltanks and to adversey affect 
fna effuent qualty and overal treat¬ment efficency.Agan, t may be 

apparent that the solds overloads to the dryweatherplant described above 
may be alleviated by storing the CSO treatmentsludges and spreading 

the period over 

two to four daysor more. Of course, any addtonal storms durng the 
bleed/pump-backperod may adversely affect the bleed/pump-back operaton. 

Addtonally,the rate of bleed/pump-back would have to be carefully 
controlled, wthdue regard to the durnal fluctuatons,3. rganc Loadng 
ConsderatonsUntreated municipal sewage contains about 200 ng/ BOD (9) (9). 

Shownin Table 19 are the BOD characterstics observed for various CSO 
treat¬ment residual sludges (2). The BOD 

concentrations 
of the sludges 

in¬vestgated 
vared wdely ncreasng wth Increasing sludge concentra¬tion. The 

BOD vaues shown In Table 9 were those associated wth thesolids contents 

of the corresponding sludge presented In Table 17One of the crtera to 

be used n evaluating organc overload sassociated wth the activated 
sludge porton of the treatment. Designorganic loading parameters for 

the aeration tank are shown In Table8, and the organc loading range 

indcated is 0.35 to 0.5 kg (1b) BODday per kg (1b) In addton, 
removals of BOD from DWF primary5 



TABLE 18 VARATION N UANTITIES OF GRT REMOVEDDURING 
WET WEATHER AND PERODS OF AVERAGE FLOW 
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sedmentation is about 35 at an overfow rates of 40.8 (000 gal./day/sq 
ft) (14) (15). Suspended sods and BOD removals dropdrastically at 

primary tank overflow rates greater than 0.8 cu m/daysq (000 ft). 
For 

example, at an overflow rate of 1.8cu m (2300 ft), BOD remova 
decreases to about 20(15) and suspended solids removal decreases to about 

37 0).From previous discussion, has been Indicated that 

bleed/pump-back of treatment sludges to the dryweather plant over a 2 hour 
period willresut in hydraulc and/or suspended solids overload. Furthermore, 

itwas Indicated that the overoads to the dryweather plant may be 
allev¬ated by spreadng the bleed/pumpback perod over several days or 

more.Moreover, it is Indicated that the bleed/pump-back perod would be 
fur¬ther extended because the primary tank operaton Is crtcal wth regardto 

BOD and suspended solids removal and the resultant organic oad tothe 
secondary treatment system. Optimum operation of the prmary tanksis an 

overflow rate of 40.8 cu m/day/sq m (000 gal./day/sq ft) In orderto 
maximize BOD and suspended sold removal. This overflow rate isapprecably 

less than the maxmum normally allowed for DWF operation,[3.cu m/day/sq 
m (2300 gal./day/sq ft] (See Tabe 8).Untreated muncipal sewage 

generaly contains an average BOD content of200 and an 

average 
suspended solds content of 200 mg/1 (9). Forour hypothetica average 

DWF of 7.1 cu m/day (,500 anaverage daily BOD and susended solds 
oading to the dry-weather pantof 3. x 0 kg (7.6 0 per day each 

may be expected. Operatngthe primary treatment plant at a desgn overflow 
rate of 0.8 cu m/daysq m (000 gal./day/sq ft)(8). BOD removals of 

35% (1.2 x 10 kg/day)(2.6 x 0- may be expected and suspended soids 
removals 

of 60%2. x 0 kg/day (4.5 x 10° b/day) woud be antcpated. Therefore,the 
organic (BOD) loadng on the secondary actvated sludge treatmentsystem 

during dryweather flow would be 2.2 10 kg/day (4.9 x 0 lbday), 
and the corresponding solids loadng to the secondary treatmentplant 

would be 1.4 x 0 (3.0 x 0 Ib/day) during dry-weatherperiods. From 
Table 

8, the aowabe organic loadin range on the acti¬vated sludge system 
Is 0.35-0.50 kg(lb) BOD/day/kg(b) Assumngour ctvated sludge plant 

is operating at the lowest end or the loading scale (0.35 kg(lb) MLSS) 

or 600,000 kg (1.3 10°)lb) may be added n the form of CSO 
treatmentresduals Of course If the actvated sludge pant Is operatng con¬sistently 

at the upper end of the organic loading scale (0.5 g(lb) BODday/g(lb) 

MLSS), then no additonal CSO treatment residuals can be bled to the 
DWF plat without organically overloading it. Also.if the DWF secondary 

plant is operating at somewhere in between theallwable orgaic range, then le additional BOD load than was pre¬vously Indicated can be pumped back 
to the DWF plant.Inasmuch as he rate of flow of CSO sludges bleed/pump-back Is limitedto the extent that the prmary tank operation does 

not exceed an overflowrate of 40.8 cu m (000 ga./day/sq ft). It becomes apparntfrom an examnaton of Fgure 5 (DWF durnal 

variatons) that 48 



back wi be intermttent and restrcted to low DWF periods durng theday.The 

above 
described constraints all tend to restrict the rate of bleedpump-back 

flow downward to the extent that the total tme period forpumping 
back the tota sludge volume is etended, whch is an un¬favorable trend 

from the standpont of handlng the effects of suc¬ceeding seres of 

storms. Shown In Tabe 19 are the number of days re¬qured for 
bleed/pump-back 

of the CSO treatment sudges from one averagestorm from an organic 
loadng tandpont, when the plant s operatingat a low organic loading 

(0.35 
kg(Ib) BOD/day/g(lb) The numberof days required to the CSO treatment 
resduals increasesproportonately from those in Table 19, as the DWF 

organic loading In¬creases fro 0.35 to 0.5 g(b) MLSS. Also, as 
entonedprevously, DWF plants havng organic loadngs at the maxmum of 0.5g(lb) 

day/kg MLSS a not be able to accept treatmentresiduals are 
consistently 

heavly loaded.From Table 9, it may be seen that four of the 
sx CSO treament methodsinvestigated would requre 

about four or more days for bleed/pump-backof a sngle torms treatment 
sludge to the DWF plant when the dry-weather plant Is operating at a low 

organc loading level. The tme re¬qured for bleed/pump-back would 
be 

expected to increase as the dry-weather organic loading level 
increased.From 

Table 19» It ma also be seen that two of the six CSO 
treatmentmethod 

investigated would requre two 
or 

less days for bleed/pump-backof sngle storms treatment sludges 
to 

the DWF plant when the dry-weather plant is operatng at a low organc 

oadng level. Agan, thetme required for bleed/pump-back would be 
expected 

to Increase as thedry-weather oranic loadng level Increased. 
Furthermore, t should bepointed out that the two CSO treatment methods 

involved here. sedmenta¬tion and fotaton, were relatvely low effcency 

oldsremoval processes (abut suspended solds (See Table 17 increase In 
solids removal efficiency for these treatment processeswould reult in an 

increase In the bleed/pump-back perod. Moreover,the CSO treatment processes 
in question are primary treatment methodsand the treated effluents 

produced may require further treatment whchwould produce addtonal 
sludge for bleed/pump-back, thereby Increasingthe total bleed/pump-back 

tme period.Concurrent wth the organc loading consderatons, described 

above andunder the operating condtions lsted n Table 9. Is the solds 
loadingImposed on the secondary 

treatment 

plant and its concurrent effect/onthat operation. For our hypothetical 
DWF plant treatng 71 10 day (4.530 it was prevously calculated that 

the suspended soldsloading to the dryweather pant was 3.4 0 kg/day 
(7.6 0 Operating the primary treatment plant at an overflow rate of 

40.8 cu m m (000 ft), suspended solds removals of 602. x 10° kg/day (4.5 
x 10 Ib/day) ay be expected and the suspendedsolids oadng to the 

secondary 
treatment plant would be 1 0 kg/day9 



3.0 10° durng dry-weather periods. From Table 7, the allowa¬ble solids 
loadng on final is 98 to 146 (20-30Ib/day/sq ft). Assuming our fna 

during dry-weather areoperating at the lowest end of the solids 
loadng cale 98 kg/day/sq m(20 Ib/day/sq ft), then an additonal solds 

load (up to 6 kg/day/sq m)(30 Ib/day/sq ft) of 0.7 0 kg/day (I 10 Ib/day) 
may be added Inthe form of pumped back treatment resduals. Shown In 

Table 20 Isthe solids loading effect on the secondary treatment plant 
when pumpingback CSO residuals at a rate whch wll prevent organc overload 

(SeeTable 13). From Table 20 t ma be seen that under the operatng 
con¬ditons prevously described, a gross solds overload is effected, 

andths indcates that solds overload Is the lmtng factor affectngthe 
beed/pump-back tme perod. It is Indcated therefore, that thebleed/pump-back 

tme perods shown n Tabe 9 should be apprecably In¬creased, whch 
makes the concept of CSO residuals bleed/pump-back tothe dryweather plant 

more Impractical from the standpoint of success¬fully handlng the 
effects of succeeding storms In series.. to TreatmentSome possble toxc 

substances in CSO treatment sludges for whch datais 
avalable 

Include heavy metals 

(nc, ead, copper, nckel, chromumand mercury), PC and pesticides and 
Heavymetal, and pestcde concentratons n CSO treatment sludges werefound 

to be sgnficant, and the ranges of concentratons observed havebeen 
previously reported heren.Heavy Metals Domestc generally contains 
low concentratonsof metals. The high concentratons of metals n 

wastewater 
are normallycaused by the 

dscharge of Industral wastes (such as metal finshingshops, platng astes, 

etc.). Therefore, the metals content for muncpal treatment plants may 

range from traces to 20 or more (23).During wet weather, street may 

produce high concentrations ofcertan metas In combned sewers, on the 
order of 10 to 100 tmes andmore than those normally present In domestc 

wastewater as shown InTable 21 (23.24).Pertnent to ths dscussion 

Is the determnaton of any toxc effect ofheavy metals to treatment in 
the dry-weather plant operaton caused bypumpin back of CSO treatment 

sludges. The 
toxic 

effect If any. wouldmanfest itself In the secondary treatment porton 
of the dry-weatherplant. Shown In Tabe 22 are crtera whch are to be 

used 
in arrivngat such a dtermnaton. Moreover, the literature Indcates 

that mer¬cury dosages of 5 or hgher defnitely nhibt bologcalprocesses 
(25). The inhbtory effect of lead on bologcal treatmentwas not uncovered 

In the lterature however It was observed that pr¬mary sewage 
treatment removes "most" of the lead In sewage (21).Presented in Table 23 

are the heavy metal concentratons found in san¬tary sewage (from Table 
21) (2) and In the sludges from varous CSOtreatment processes (12). 

t may be recalled that prevous dscusson50 
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TABLE 2. METAL LOADIG FROM RAD SURFACE COMPARED 
TO NORMAL SANITARY SEWAGE FLOW (2)Road 



has indicated that bleed/pump-back of treatment sludges over a 24hour 
period would result n hydraulic, solids and organic overload ofthe 

dryweather treatment plant facility. Moreover, it was further in¬dicated 
that to prevent overload conditons, CSO treatment sludges wouldhave 

to 
be stored and pumped back to the dryweather plant over extendedperiods 

of tme. For example, for effcient CSO treatment processes(storage 

a1one cntact stablization, ec.) perod appreciaby greater than to 2 
days have been indcated.However for purposes of this dscusson in 

determining 

the toxc effectof CSO treatment sludges heav metals on dry-weather 
secondar treat¬ment, a perod of 2 hours will be assumed thecombined 

heavy metal concentrations obtaned under this condton arefound not 

to be toxic to secondar treatment during dry weather con¬dtons then 
toxc condtions may not be expected over the more ex¬tended bleedback 

perods.Usng our hypothetca average dry weather fow of 171 10 
n/da(4,500 the daly CSO 

treatment 

sudge volumes expected (Table 5)and the approprate heavy metal 
concentratons In the two flows (Table23)» the average heavy metal 

concentration 
of the blend of dry weatherand CSO resdua flows at the dry 

weather 
pant Influent may be deter¬mned. The results of these caculatons 

are shown In Table 2 on thebass that the entre CSO was treated by each 

of the selected CSO treat¬ment processes alone. Also presented n Table 
24 are the heavy metalconcentrations contrbutng detrmentally to the 

effciency of biological treatment. Noted In Table 24 are those values 

whch sgnfcantly exceed the causing concentratons listed at the bottomof 
Table 24. t Is Indcated that copper and znc in contact stabl¬zaton, 

storage alone and trcklng fter treatment resduals warrantfurther 
dscussion 

regardng toxcity to treatment. The values shownn Table 24 are 
the 

heavy metal concentratons at the Infuent to thedry weather plant. 
Assuming the heavy metals are predominanty of a nature, 60% reducton 

may be expected by primary treatment. Therefore, the prmary effluent 
to secondary treatment will contan heavy metal concentratons of 

40% of the vaues presented In Table24 The primar effuent heavy metals 
contents so cacuated wl allbe below the crtcal concentrations detrimental 

to secondary treatmenteffciency. The genera concluson may be drawn 

from the above dscus¬son that pumpng back of CSO treatment sludges to 

the dryweather plantwll not result In heavy metal toxicty to secondary 

treatment. However,this is a prelinary and elementary study and the 
requires furtheratention. (12)(27) - This chemical, which has been 

containating fish, has beenin common use since 1929. It is used in many 
products ranging from soapsto electrical transformers. In 1972, Industrial Chemical Co.,the 

only manufacturer in the United States, stopped selling it exceptfor use 
in closed electrical items such as tranformers and capacitors.However, 

it still continues to get into aters from past usage and spills.PCB 
is suspected of causing reproductive failure in fish, birds, and53 
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TABLE 24. EVALUATON OF THE POSSIBLE TOXIC EFFECTOF 
HEAVY ETALS ON RY WEATER TREATMENT DUETO 

BLEED/PUMPBACK OF TREATMENT SLUDGES 



mammas. In human beings ft is suspected of causing cancer, skin and 
lver disorders. It is also suspected of affecting aperson's recovery 

from other Illnesses.The literature 
(27) 

indicates that is present In muncipa sewage inamounts varing from 0.17 
to 0 Moreover, It is further indicatedthat municipa treatment plants 

are capable of removing more than 70% ofthe PCB. However, over half the 

muncpal treatment pantsstudied (27) had effluent concentratons 
ranging 

from 0,1 to 0.5 PCB, and about 20 of the plants studed had 
effluent 

concentrationsgreater than 1.0 ug/1 PCB.The mechansm of PCB remova 
n treatment plants 

appears 

to be adsorptonon the solids with subsequent sedimentation clarfication 
of the solids.Ths Is evdent from data collected (27) which show 

comparatvely 
hghconcentratons of PCB in prmary settling sludges (50 and 

dgestersludges (22 mg/1). In contrast, the treatment sludges may be 
expected 

to contan PCB concentratons varying from 0.008 mg/1 to 0.118 (27) 
whch are several magnitudes lower than those concentrationsreported 

from muncpal dry weather sludges.From the above discusson, t appears 

that the PCB content of the CSOtreatment 

sludges 
wll not cause to dry weather treatment Ifthe sludges are pumped 

back to the dry weather plant, all otherthngs beng equal. However, 
bleed/pump-back of CSO treatment sludgesto the dry weather plant can 

increase the effluent FB concentration andmass PCB transport to 
receiving 

waters the dry weather facility becomesovertaxed.Pesticides 
(28)(29) - Pestcides may be described as natura and synthet¬ic materials used 

to control 

unwanted or noxious animals and plants.They may be convenenty classfed 
according to their usage, such asfungcides, herbicdes, insecticides, 

and Thewidespread presence of pestcdes in the environment has caused 
muchpublc and private concern because of ther potential for upsettng 
eco¬logical balances. Ther dspersal n dranage systems and 

possibleeventual 
accumulation in estuares makes our coastal fisheries (for 

ex¬ample, 
oysters shrmp, crab and menhaden) especially vunerable totheir 

toxic effects. Laboratory tests show that these economicay im¬portant 

animals are especially sensitve to the toxic effects of lowlevels 
of pestcides. For example, oysters wll exist In the presenceof DT at 

levels as high as 0.1 mg/1 in the environment, but at levels1000 tmes 
less (0.1 ug/1), oyster growth or producton would be only20% of normal, 

shrimp populations would suffer 20% mortality, and men¬haden would 
suffer disastrous mortality. Some insecticdes are toxcenough to 

kll 0% or more of shrimp popuatons after 8 hours exposureto concentrations 
of ony 30 to 50 per ter of the compounds.Pesticides may be classified 

by their chemical affintie, their degreeof toxclty and their degree 
of persistence. Pestcides which areacutely toxc to shrimp at low 

concentration 
leves (ug/1) nclude the and Insecticides. The 56 



include the well-known T and group, and tpicaly,they are persstent 

compounds. The compounds include and typcaly, they or break down into 
less toxicproducts much more ready than the compounds. Therefore,the 
organophosphorous compounds are usualy preferable as control agentsbecause 

of ther reativel short life.The pesticide content n municipa sewage 

was not uncovered In theiterature. 

However, 
the concentrations of selected pestcides found In treatmen 

sludges are shown In Table 25. From Table 25, the pest¬cde content observed 
vared from non-detectable to sgnfcant. Notein Table 25, that the 

pesticdes investgated were organochlorne n¬sectcdes.Pumping back CSO 
treatment sludges to our hpothetcal dryweather plantover a 2 hour 

period 
wl result 

In Influent pesticde concentratonsof the combned flow as shown In Table 
26. The values shown In Table 26were calculated using an average 

dry-weather flow of 17*1 0° (,500GO) (assuming no pesticde cntent), the 

daily CSO treatmentresidual volumes expected (Table 7) and the pesticde 
concentrations Inthe CSO treatment sludge volumes (Table 25). The 

resuts shown in Table26 are on the basis that the entre CSO as treated by 

each of theselected CSO treatment processes aone.The 48 hour (shrimp) 

for and are 0.6 and 0.3 respectivey (8) Comparng these values 

with those in Table 26 indcates that 
the 

corresponding vaues for the combined influent beforetreatment are well 
below the mit.Also not covered in the literature was the extent of 

pesticde removaln muncpal sewage treatment plants. However, It was 
Indicated thatpestcdes are subject to 

a number of degradng actons ncludngvolatlation, decomposton by ultraviolet 
light and other radation,chemica degradaton, degradation and 

sorption by soids degradaton and sorption n solids appears to be the 
mechanismby which pesticides would be rmved in a sewage treatment 

plant. 
Thepestiide levels shown n Table 26 would not appear to be toxic 

tosewage treatment.5. Effluent Quaty and Treatment EffciencyOne of the 
most important criterion In evaluatng the alternatve of thebleed/pump-back 

of CSO treatment resduas to the dry weather plant sIts effect 
upon treatment 

effcency 
and effuent quality. Prevousdscussion 

has dwelled upon the effect of CSO residuals on the dry-weather treatment 
plant wth regard to such crtera ashydraulc overload, solids overoad, 

organc overoad and totreatment. The effects on these crtera were 
found to be interrelatedand to affect treatment effciency and effuent 

quaty for each treat¬ment process element as wel as for the overal 
treatment pant itself.It was observed that nasmuch as the treatment 

processes comprising the7 



TABLE 25. CONCENTRATION OF SELECTED PESTICIDESIN 
TREATMENT SLUDGES (12) 



dr-eather plant are in series, any sgnfcant effect on any upstreamtreatment 
process will have sgnfcant effect on the performance of oneor more 

of the downstream treatment processes. The discusson belowsummarizes 
the effect of residuals bleed/pump-back on dry weathertreatment 

plant 
treatment efficenc and effluent quaty.The effect of 

bleed/pump-back on various aspects of treatment plant loadnghave been dscussed 
n detal Is apparnt that the rate of beed/pump-back of CSO sludges to the 
dry-weather treatment plant is crtical andappreciably affects the 

subsequent operaton of the plant and the plant per¬formance achieved.deally, 
bleed/pump-back of 

the CSO treatmen resduals over 2 hour periodwould be most favorable from the 
standpont of permittng the handlng ofsubsequent CSO events in series. 

Previous dscussion Indcated however,that dscharge of the expected quantites 
of CSO treatment residuals to thedry weather plant over a 24 hour perod 

would grossly overoad he dryweather treatment plant either lal sods-wse 

and/or organically,resulng in apprecably decreasng the treatment effciency 
and Intolerably(above allowable lmts, see Table 8 and regulatons) deteriorating 

theplant effluent quality wth regard to suspended solds, BOD, heavy 
metals,PC and/or pestcdes.Inasmuch as a CSO resduals bleed/pump-back rate over 

a 2 hour perod 

isimpractical, 
the overload and unfavorable operating condtions caused there¬by 

may be alleviated by storing the CSO treatment resduals and extendngthe 
bleed/pump-back perod (reducing the bleed/pump-back rate) as requred.Table 

27 
Includes a summary of the lmtng tme perods for beed/pumpback which can 

occur 
wthout overloadng the capacty of the dry-weathertreatment plant.Hydraulic 

(Prm.)StorageSedmentatonDissolved Ar FlotatonScreenng/DissovedAr 
FlotationContact 



that the capabilty of handlng succeeding treatment residual events Isreduced. 
In fact, the onger the extended beed/pump-back period, the moreunfavorable 

this alternatve becomes. Another dsadvantage of any bleedpump-back 
aternatve is the necessity for carefuy controlling bleed/pump-back (flow rate 

and constituent strength), with due regard for the durnal fluctuatons 
(flow rate and consttuent strength) to Insure that peaktreatment plant design 

operating conditons are not exceeded.The fnal disadvantage 

s that the treatment effcency and effluent qualtywould be lower than when 
CSO sludges are not In order tominimize the bleed/pump-back period and the 

assocated storage volmes re¬qured, t assumed tha he bleed/pump-back rate 
wll be estabshed sothe dry-weather treatment plant wll operate at the peak 

design operatngcondtions. It is felt that under ths severe loadng, the 
effuent dis¬charge limtatons (30 suspended solds and 30 BOD) would be 
ex¬ceeded. f the suspended sods loadng Is higher, then the effluent 

quaitywould 
range n the upper portion of the performance expectaton and may 

reachconcentrations of 50 mg/1 (Table Using the assumptions that a 5 day bleed/pump-back 
perod s feasble forstorage and 

bleed/pump-back, and that the oadng rate to the fna Is the most lmting 
desgn parameter, the volume of CSO sludgewhch can be handed at the treatment 

plant can be calculated. Ths volumecan then be related to the percent 
of CSO area and CSO volume which can betreated usng the existng dry-weather 

treatment plant for sludge handlng.A plot of this nformaton s Included 
In Figure 6. It Is apparent that asthe treatment plant tends to the higher 
design capacity, less CSO sludge canbe adequatey handled (disregardng the 
negative impact of constant maximumloadng condtons).It Is therefore apparent 

that the problems assocated wth bleed/pump-backto the dry-weather treatment 
plant are 

complex. 

If the intial transportproblems can be elmnated or overcome, the effect 
of the sludges on theoperaton and effcency of the dry-weather treatment 
plant must be care¬fully evaluated. The built-in safety factors for desgn 

can provide a cer¬tain amount of addtional capacity, however, operating 
a peak flow due tobleed/pump-back of CSO sludges at all times s diffcult 

and wll adverselyaffect effluent qualty.EFFECT OF BLEED/PUMPBACK OF DILUTE 
RESIDUALS FROM THE ON-SITE OF CSO TREATMENT SLUDGES ON THE DRYWEATHER 

TREATMENT PLANTPrevous 

discussion 
has indcated overwhelmingly that beed/pump-back of rawCSO treatment 

sludges is not practcable In most stuatons. Another 

al¬ternatve 
to separatey (on-ste) the raw CSO treatment sludges,ultmatey dspose 

of the sludge and bleed/pump-back the diluteeffluents from the steps 
to the dryweather plant The purposeof ths discussion is to evaluate the 

effect of pumping back the diluteeffluents from the CSO sludge dewaterng 
processe to the dry-weather treatment plant.60 
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The only pertinent information uncovered in the literature (12) was basedupon 
bench scale studies performed on raw treatment sludgesobtained from 

various CSO treatment sites throughout the country. The conclusons drawn 
from the study Indicated that centrifuga Ion aone or incombination wth 

thickenng and thickenng followed by vacuum fitrationwere found to be the 
optimum sludge dewatering processes based on such cri¬teria as performance, 

costs and space requrements.Based upon our 
hypothetical 

dryweather plant handling a design flow of17.1 10° (,500 sewage 
and design solds load of 3.4 0kg/day (7.6 x 0" shown in Table 28 are 

the combned flows andsolds antcipated from the bleed/pump-back of the 
dilute effluent arisingfrom the dewatering of the CSO treatment sludges.Assumng 

the range multple of desgn flow and solids 

that 
a dry weatherplant can handle is 1.5 to 3.0, examination of Table 28 

shows that a hydrau¬lic or solds overload would not be expected when the 
dilute effluents fromdewaterng CSO sludges are pumped back over a 24 hour 

perod.BOD, heavy metal. and pestcde data on the dlute effluents 

from de¬waterng CSO sudges were not dscovered in the literature, and 
therefore,no comment is made at ths tme regardng organic overload and toxc 

totreatment due to heavy metals, PCB and pestcides caused by the bleed/pmp-back 
of dilute effluents from dewaterng CSO sludge to the dry-weather 

plant.EFFECT 
OF CSO TREATMENT RESDUALS BLEED/PUMP-BACK ON THE OPERATON 

ANDPERFORMANCE 

OF THE DRY WEATHER SLUDGE HANDLING FACILITIESPrevious dscusson has 
dealt with the effect of pumpng back CSO residualson the 

operaton and performance of the dryweather treatment plant. Oneof the by-products 
of the dryweather treatment plant s the residual sudgesarsing from 

treatment whch have to be handled and disposed of. The dis¬cussion whch 
follows is concerned wth the effect of pumping back CSO treat¬ment resduals 

on the operation and performance of the dry weather sldgeing 1Previous dscusson 
regardng the bleed/pumpback of CSO treatment sludges tothe treatment 

portion of the dr 

weather 
plant has shown that bleed/pumpbackover a 24 hour period results In a 

gross 
solids overload on the treatmentplant. Moreover, dependng upon the exstng 

dry weather operatng organicloadng on the secondary treatment plant, 
bleed/pump-back of the CSO treat¬ment sludges may not be permssble or would 

have to be extended over perodsof one to two weeks or more, which does not 
appear practcal from the stand¬pont of having the capabilty of handlng the sludge 

resduals from succes¬sve combned sewer overflows.However, assuming the 
dry weather treatment plant could handle the pumpedback CSO treatment sludges, 

or assumng for the moment 
that 

the CSO treatmentsludges are directly to the dryweather sludge handlng 
fa¬cltes, what would be the effect on those sludge handlng faciltes62 





Shown in Table 8 are typical sludge volumes produced n dry-weatherplant. 
Prmar sedmentation [2,440 (ga.) sudge (5 solds) permillion cu 

(gal.) sewage treated and waste activated [8,700 cu (ga.)sudge soids) per 
mion cu (gal.) sewage treated] sludges are pert¬nent to this discussion.Sludge 

handlng facilities 

are usually based upon the estimated sudge pro¬duced at average design flow 
(7). For our hypothetca dryweather planttreatng an average daiy flow of 

17.1 x 10 cu (4,500 a primarysludge volume of 42,000 cu m/day }}. MGD) 
and a aste actvated sudgevolume of 320,000 cu m/day (84.7 MGD) may be 

expected to be handled by thedry-weather sludge handling facilties.1. Hydraulic 
Loading ConsderationsThe daly desgn 

volume (primary plus activated) of 

sludge to be handledby the dryweather sludge handling facilties is 363,000 
cu m/day (96MGD). Shown n Table 16 are the daly treatment sludge 

volumes ex¬pected if the entre CSO were treated by each of the various 
CSO treat¬ment methods invetgated. Table 17 shows that the daly volume 
of CSOtreatment sludges from each of the CSO treatment methods 

investigated 
isof a higher order of magnitude than the desgn dally dryweather 

sludgeanticpated, varying from 5.8x10 cu m/day (150 MGD) to 5.6 0 cu 
mday (480 MGD). The above information indicates that the addtion ofCSO 
treatment sludges to the sludge handng faciities wouldresult n 

drastically 
reducng the detention tme of the various processelements n the 

sludge handling faclties.Since detention tme Is one of the important factors 
In the performanceof sludge handlng 

processes 
(thickenng, dgeston, vacuum fitraton, sand bed dryng, etc.), it 

may be concluded that the CSOtreatment sludge volume would overload the 
dry-weatherfacltes, thereby, apprecably adversely affecting ther 

performance.Addtonally, the hydraulic overload may be expected to result 
in 

de¬terorated by-products (such as effluents dgester ftrates, etc.) 
whch are normally returned to thehead end of the treatment plant and 
wll result n overloadng the treat¬ment plant wth fne solds, nutrients, 

etc., thereby detr¬mentally affecting treatment plant performance.2. 
Solds Loadng ConsderatonsFor our hypothetcal dryweather plant, the desgn 
dry weather solds tobe handled (prmary plus actvated) are 5.3 x 10 

kg/day 0 Presented in Table 7 are the daly 

dry 
weght of CSO treatmentsludge 

solds expected If the entre CSO were treated by each of thevarious CSO 
treatment methods Investigated. Table 17 shows that thedally dry 

weight 
of CSO treatment sudge solids from each of the CSOtreatment methods 

Investgated Is several tmes greater than that of thedesgn dally dry 

weather solds antcpated, varyng from 14.5 x 10°kg/day (31.9 x 10° 
Ib/day) to 392 x kg/day (86.4 x 0° 64 



The above nformation indicates that the addition of treatmentsludges 
to the dry-weather sludge handlng faciliies wil drasticallyoveroad 

the varous process elements comprsng the sludge handlingfacilities 

from a solds standpoint. For example, those process ele¬ments whose 

equipment capacites are based on solds loading (see Tables9—13) (such a 

thickenng, fltraton, sand dryng beds, etc.) woud requre 3 to 8 tmes 
additiona capacity tohandle the excess load. Digeston processes are 

more affected by organicand nert solids and the effect of CSO treatment 
sludges on dgestionwill be covered separately below.3. Organic and Inert 

Solds ConsderatonsThe organic 

content (as measured by volatile sods) of 

municpal sludges(primary sludge and waste activated sludge) is 65 on a 
dry 

solids bass(30). For our hypothetical dryweather pant, the design dry 

weathertota solids to be handed (prmary plus waste actvated) has been 
pre¬vously establshed at 5.3 10 kg/day (.7 0° The cor¬responding 

volatile solids content is 3.5 x 0° kg/day (7.6 x 0 lbday) Presented 

in Table 29 are the daily dr weight of CSO treatmentsludge volatile 

solids expected f the entre CSO were treated by eachof the various CSO 
treatment methods nvestgated. From Table 29 it maybe seen that the 

volatle solids content of the CSO sludges was sgnf¬cantly to apprecably 

lower than that for dry-weather muncipal sludges.For the CSO treatment 

methods shown In Table 29, the hgher volatlesoids contents are observed 
for the sudges derived from the biologcaltreatment methods. Ths was 

expected because the bologcal treatmentmethods were preceded by treatment 

steps which removed the major portonof the grt and Inert solds present 
In the raw CSO, The physical andphyscal-chemcal treatment methods shown 
n Table 29 treated raw CSOwith ltle or no prelimnary treatment for 

nert soids removal.Examination of Table 29 and comparison with the 

hypothetcal dryweathermuncipal volatie solids oadng, shows that 
the 

daily volatile soidsrate from the CSO treatment methods vared from 
about 

55 tmesthe design dryweather rate of 3.5 0 kg/day (76 x 0 
pre¬viously 

determined. It is apparent from this comparison that addtionaldgeston 
faciltes and wll be requred to handlethe CSO sludges by these 

treatment methods. These addtional digestionfaclites (ether on-site or 
parallel to the facilities) forhandling the CSO sludges should be preceded 

by grit removal step to re¬duce the possblty of grt and other 
Inert solds from settlng in thedigesters and occupying valuable 

space.4. 
to TreatmentPertinent to ths dscussion the determinaton of an 

toxic 
effect ofheav metas in the CSO sludges to treatment In the dry-weather 

sludgehandling faclites. The toxic 

effect. If any, woud 

manifest 

itselfin the bological treatment portions of the sludge handlng 
systems,such as In the aerobic or anaerobc sludge dgeston processes.65 



U 

0i00 

0 
0XCO0n 0 

0 

01 
— 

C co 01 co 
o r CM CM —0 — i o — CM 

CMCO 00 01 
3 01 CM — (D 

o 
(D10)003 

0 
C— 01 0 C 

03 0O 3s o0DoID;0,001 r 

— co co 
01 (M 01 CM— 

— 

0 0(00 1 
u 

3 
£ a) 11 o 01 I C I u — u 0 D) U1— I ID 0 ) 0 Q ) 

0 0 n U cI —— U —— X 66 



Prevous discussion has Indcated that t Is impractcal to drect the 
treatment 

sludges to the dr-eather sude handng factes be¬cause this would 
cause gross hydraulic, organc and solds overloadof those However, 

for purposes of ths discusson, for thoseisoated cases where the dryweather 
sludge handng facties couldhande the CSO sludges, wha would be the 

effect with regard to of dgeston sludge treatmentShown in Table 22 are 
the effects of various heavy 

meta 

concentrationson and ioogcal treatment processes. The data inTable 

22 ndicate for example, that copper concentratons greater than5 and 
zinc concentrations greater than 0 will detrimentalyaffect anaerobic 
sudge digestion. Another source (32) indcates thatsoluble heavy metal 

concentrations greater than I mg/1 are toxc toanaerobic digeston. 
Stll 

another source (31) ndcated that raw sludgecopper concentratons 
of 1.3, 27.7 and 60.6 mg/1 for three sewage treat¬ment plants in Oho dd 
not adversely affect anaerobic sludge dgestionor gas production. The 

Information presented above appears to be Inconflict. It is Indcated that 
the concentraton at which a substancestarts to exert a toxc effect 

is 
difficut to define because it can bemodified by antagonm, and 

acclimation. Moreover, in thecase of Intermttently treatng CSO treatment 
sudges n dry weathersludge handling faclties, the dgesters act as 

equalzation basns todute any heavy metal concentration present the CSO 
treatment sludgesand thereby amelorate any potentia heavy metal toxc 

effect.Presented In Table 23 are the heavy metal concentrations found in 
thesludges from varous CSO treatment processes t was observed 

that theheavy metal concentratons in the CSO treatment sludges were 
sgnifcantand in some cases, such as for inc and copper, were generally 

excessve(based on the allowable values In Table 22). Moreover, the data 
showedthat the heavy metal concentratons of the CSO sludges from processes 

(contact stablzaton and trcklng I Iteration) were appre¬cably hgher 
than those for the sludges from the physical and physical-chemcal CSO 

treatment processes.That CSO treatment sludges may be handled Intermttently 
In dry-weatherdigesters (where applicable and al other thngs being 

equal) In spiteof hh heavy metal 

concentrations is exemplfed by the Ws¬consn sewage treatment plant whch 
has a 75,700 (20 MGD) dry-weather plant and a 75,700 cu m/day (20 MGD) 

wet weather contact stabi¬zaton plant. The relatively hgh heavy meta 
concentratons In theKenosha CSO contact stablzaion waste sludge are 

shown in Table 23(znc, 71.5 mg/1; copper .5 mg/1). The Intermtent handlng 
of thswet weather sludge by the Kenosha anaerobic dgesters has been 

satsfactory wth no apparent adverse effect on dgeston or gas 
producton.Handing of CSO treatment sludges In parallel digester faclties atthe 

dryweather plant Is another story because essentally no dlutonor 
equalzaton Is obtaned with dry-weather sludge. It s questionablewhether 

dgeston should be used In the CSO sludge handling scheme when67 



treatment sludges are to be treated on-site or in parallel dgesterfacilities 
at the dry-weather plant.In 

any 
event If Is suspected for a gven appication, potentialsolutons to 

toxicty 
problems should be evaluated n laboratory or pilotdigesters.Alternatvely, 
a 

promsng 
method for the rapid stabilizaton of sudges, such as CSO treatment 

sudges, is lme stab¬zaton, and It is recommended that further 
Investigaton 

of ths methodbe conducted.5. Treatment EfficencyIt is readily 
evident from 

previous 
discussion that 

drectng the CSOtreatment sudges to the dry-weather sludge handling 
faclities wllgrossly overload those facltes from a hydraulic, organic 

and Inertsoids standpont. These gross overoads wi detrmentally affect 
the and stabilizaton performance and treatment effcency ofthe dryweather 

sludge handling faclties. The downgrading In treat¬ment efficiency 
woud be manifested in poorly stablized sludge for dis¬posal and 

grossl deteriorated effluents, filtrates etc. for back to the dry-weather 
plant.As previously recommended, alternative on-site treatment methods, 

suchas lime stabilization, should be investigated for 

handling 
CSO treatmentsudges.EFFECT OF BLEED/PUMPBACK OF THE DILUTE 

RESIDUALS 
FROM THE ON-SITE DEWATER¬ING OF CSO TREATMENT SLUDGES ON THE 

DRY-WEATHER 

SLUDGE 
HANDLING FACILITIESFrom prevous dscussion. appeared that from a 

hydraulic and solids aspectthe dryweather treatment plant would be able to 

handle 
the bleed/pump-back of dilute residuals from the on-ste dewaterng of CSO 

treatment sludges.However, data was not avalable to evauate the effct 
of dlute effluentsbleed/pump-back on organic overload or toxicity to treatment 

in the dry-weather plant. This secton allows evaluation of the separate 
effect ofpump back of the dlute CSO sludge dewaterng resduals on the 

treatment 
plant sludge handling faclties.Shown In Table 30 are the flows and 

characteristcs of the dilute effluentsfrom the dewatering of the CSO 
sludges pumped back to the hypothetcal 

dryweather 

plant. It be noted In Table 28 that only sods data was avala¬ble from 
the dlute effluents puped back. It may also be seen from Table 28that the 

strength (solds) of the dlute effluents vared widely with theCSO treatment 
process from whch they were derved. Some of the diluteeffluents were stronger 

than domestic sewage and some were weaker. The sus¬pended solds content 
of sewage has previously been assumed at 200 (9).In order to estmate 
the quantty of sludge produced from the treatment ofthe dilute effluents 

the dilute effluent fows shown In68 


